Two metal-tolerance proteins, MTP1 and MTP4, are involved in Zn homeostasis and Cd sequestration in cucumber cells.
Metal-tolerance proteins (MTPs) are divalent cation transporters that have been shown to be essential for metal homeostasis and tolerance in model plants and hyperaccumulators. Due to the lack of genomic resources, studies on MTPs in cultivated crops are lacking. Here, we present the first functional characterization of genes encoding cucumber proteins homologous to MTP1 and MTP4 transporters. CsMTP1 expression was ubiquitous in cucumber plants, whereas CsMTP4 mRNA was less abundant and was not detected in the generative parts of the flowers. When expressed in yeast, CsMTP1 and CsMTP4 were able to complement the hypersensitivity of mutant strains to Zn and Cd through the increased sequestration of metals within vacuoles using the transmembrane electrochemical gradient. Both proteins formed oligomers at the vacuolar membranes of yeast and cucumber cells and localized in Arabidopsis protoplasts, consistent with their function in vacuolar Zn and Cd sequestration. Changes in the abundance of CsMTP1 and CsMTP4 transcripts and proteins in response to elevated Zn and Cd, or to Zn deprivation, suggested metal-induced transcriptional, translational, and post-translational modifications of protein activities. The differences in the organ expression and affinity of both proteins to Zn and Cd suggested that CsMTP1 and CsMTP4 may not be functionally redundant in cucumber cells.